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(54) Title: ACOUSTIC ELEMENT 




(57) Abstract 

The invention relates to an acoustic element comprising and arbitrary number of layers. Each layer comprises at least one porous 
layer (2) and a film (4) arranged at a distance from the layer. The porous layer (2) can be electrically conductive or coated at least on one 
of its surfaces to be electrically conductive, and the film (4) can be charged or provided with at least one electrically conductive surface. 
The porous layer (2) and the film (4) come into contact with each other substantially only at support points (5). The support points (5) are 
arranged so as to allow the entire structure to change its thickness. 
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Acoustic element 

The invention relates to an acoustic element which comprises an 
arbitrary number of layers, at least one layer comprising at least one porous 
5 layer which is either electrically conductive or coated at least on one of its 
surfaces to be electrically conductive, and at least one film, which is either 
charged or provided with at least one electrically conductive surface, at least 
one porous layer and film being arranged to come into contact with each other 
substantially only at support points, thereby providing an air gap between the 

10 porous layer and the film. 

WO publication 97/31506 discloses a plate-like acoustic element 
comprising fixed stator plates, with a film secured between the plates at 
predetermined support points. Between the stator plate and the film are left 
small air gaps that allow the film 3 to move. The stator plates and the film are 

15 provided with electrically conductive surfaces, so by applying electric signals to 
the surfaces, the film 3 can be made to move to produce sound. The structure 
is simple and has a very even frequency response, but its field of application is 
somewhat limited and, to produce a sufficiently high air pressure by using a 
moving film, a fairly strong electric field is required. 

20 An object of the present invention is to provide an acoustic element 

allowing the above shortcomings to be avoided. 

The acoustic element of the invention is characterized in that the 
support points are arranged in such a way that the acoustic element can 
change its thickness substantially entirely. 

25 An essential idea of the invention is that the acoustic element 

comprises an arbitrary number of layers, at least one layer comprising a 
porous layer and a film arranged at a distance from the layer, the porous layer 
and the film coming into contact with each other substantially only at specific 
support points. The porous layer is either electrically conductive or coated at 

30 least on one of its surfaces to be electrically conductive, and the film is 
charged or provided with at least one electrically conductive surface. The 
support points at which the film and the porous layer come into contact with 
each other are arranged in such a way that the entire structure can change its 
thickness. A preferred embodiment is based on the idea that the acoustic 

35 element is coated with an elastic surface material. Another preferred 
embodiment is based on the idea that the acoustic element is hermetically 
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sealed. 

An advantage of the invention is that the structure of the acoustic 
element is very light, solid, inexpensive and easy to manufacture. Further, 
because the gap between the porous layer and the film is fairly small, a 
5 reasonably high pressure is obtained by applying a fairly low control voltage. 
The porous material provides the element with a large air capacity, whereby 
the air displaced by the film is able to enter the porous layer, which reduces 
counter pressure and increases movement. The air entering the porous layer 
causes flow losses and therefore the structure does not resonate strongly. 
10 Further, due to the flow losses the material of the element also attenuates 
sound passively. An element coated with an elastic surface material can be 
used for a number of different applications (e.g. floors). Hermetic sealing of the 
element allows it to be used also in fairly humid conditions. 

The invention will be described in greater detail in the 
15 accompanying drawings, of which 

Figure 1 is a schematic sectional side view of an acoustic element 
of the invention; 

Figure 2 is a schematic sectional side view of another acoustic 
element of the invention; and 

20 Figure 3 is a schematic view of a third embodiment of the invention. 

Figure 1 shows an acoustic element 1 comprising a plural number 
of porous layers 2. A typical porous layer is, for example, 0.5 to 1mm thick, 
about 70% of the layer being air. The porous layer 2 can be made of cellulose, 
glass fibre, mineral fibre, metal fibre or by sintering plastic or metal powder. 

25 The porous layer 2 is either electrically conductive or coated at least on one of 
its surfaces to be electrically conductive, for example, by sputtering the 
surface to provide a metallization 3 thereon. The metallization 3 of the porous 
layer 2 is typically about 40 nanometers thick. The metallization 3 on the 
porous layer 2 is also porous in order to allow air to pass through the porous 

30 layer 2 and the metallization 3. 

The acoustic element 1 further comprises a film 4 arranged 
between the porous layers 2. The porous layer 2 and the film 4 come into 
contact with each other only at support points 5, an air gap 6 being thus 
formed between the porous layer 2 and the film 4. The thickness of the film 4 

35 is typically about 5 micrometers and the width of the air gap 6, 
correspondingly, about 10 micrometers. 
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Figure 1 shows an embodiment in which two films 4 are arranged 
one on the other, a metallization 7 typically about 40 nanometers thick being 
arranged between the films. The films are charged and they can be made of 
polypropylene, polymethyl pentene or cyclic olefin copolymer, for example. 
The films 4 can be further provided with a bubble structure comprising flat 
bubbles. 

Porous layers 2 and films 4 are arranged one on the other to 
provide the acoustic element 1 with a layered structure as shown in Figure 1. 
Control electrodes A are connected to the metallizations 7 between the films 4 
and earth electrodes B, correspondingly, to the metallizations 3 of the porous 
layers 2. The support points 5 are arranged in such a way that the film 4 is not 
supported to the porous layers 2 at exactly the same points on opposite sides 
of the film. Consequently, when a signal is supplied to the control electrode A, 
the film 4 changes is form. Since the film 4 is secured to the porous layer 2 at 
the support point 5, the porous layer 2 also moves and, since the support 
points 5 are at different places in the acoustic element, the acoustic element 1 
can change its thickness substantially entirely. 

Pressure P caused by the acoustic element 1 is obtained from the 
following formula 



where s is the width of the air gap 6, 

U is voltage acting over the air gap 6, and 
e feadielectricity constant of an intermecBate 
medium. 

Since the width s of the air gap 6 in the element concerned is very 
small, the voltage U need not be very high to provide a fairly high pressure P. 

Figure 2 shows an acoustic element with a plural number of 
different layers arranged one on the other. In the embodiment shown in Figure 
2 one side of the film 4 is secured substantially entirely to a first porous layer 
2. The other side of the film 4 is secured to a second porous layer 2 
substantially only at support points 5, between the second porous layer 2 and 
the film 4 being then the air gap 6. When the film 4 moves, it also makes the 
porous layer 2 move to which it is secured. The support points 5 of successive 
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air gaps 6 are at different places, thereby allowing the entire acoustic element 
to change its thickness. 

The support points 5 can be formed on the porous plates 2, for 
example, by pressing the plates at suitable places to form bulges. The places 
5 of the support points 5 can vary symmetrically or randomly, but it is essential 
that the support points 5 of successive layers are arranged at substantially 
different places. 

A strong electric field reduces the elastic constant of the structure, 
i.e. due to pressure the thickness of the structure changes essentially more 

10 than without the electric field, thereby substantially increasing the attenuating 
capability of the structure and lowering its resonance frequency. When the 
control electrodes A and the earth electrodes B are connected with each other, 
the structure can function in an attenuating manner, control electronics being 
not needed then. Between the control electrodes A and earth electrodes B can 

15 also be applied a static pre-voltage which allows the elastic constant of the 
structure to be controlled in a desired manner. The films 4 can also be 
provided with a permanent electret charge, if desired. The pre-voltage can be 
applied through a resistor having a high resistance, or the control electrode A, 
for example, can have a high resistance. 

20 Figure 3 illustrates the acoustic element 1 coated with an elastic 

surface material 8. The thickness of the surface material 8 can be from 0.1 to 
10mm, for example. The surface material 8 can be a rubber carpet, for 
example, the acoustic element 1 thus being applicable as a floor covering, for 
example. The edges of the acoustic element can be provided with sealing 

25 portions 9 to make the element 1 hermetically sealed. Also the control 
electronics 10 can be arranged inside the acoustic element. The hermetically 
sealed element 1 can be used in very demanding humid conditions. Further, 
the acoustic element 1 can be made into a preformed structural board, thereby 
allowing it to be used as a construction element. The surface material 8 can be 

30 substantially air impermeable because the entire acoustic element 1 can 
change its form and thereby produce sound, although it does not allow air to 
pass through. The acoustic element in question can be used, for example, for 
sound attenuating purposes (as floor mats in cars, for example). By increasing 
the mass of the surface material 8, the attenuating capability of the acoustic 

35 element 1 can be enhanced and the resonance frequency further lowered. 

The drawings and the related description are only meant to illustrate 
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the inventive idea. The details of the invention may vary within the scope of 
the claims. The acoustic element 1 may comprise an arbitrary number of 
layers. To produce sound, at least one porous layer 2 and at least one film 4 
are needed. Instead of two charged films 4 and the metallization 7 between 
5 them shown in the embodiment of Figure 1, a film with polarized charging can 
be used (i.e. a film having a positive charging on one side and a negative 
charging on the other), the control voltage being then applied between the 
surfaces of the porous layers 2. The film 4 does not have to be charged if at 
least its surface is electrically conductive. The acoustic element of the 
10 invention can be used in various applications relating to sound reproduction 
and active noise attenuation. The acoustic element, or some of its layers, can 
be used for example as sensors in acoustic systems while, at the same time, 
the other layers can be used as actuators. 
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CLAIMS 

1. An acoustic element which comprises an arbitrary number of 
layers, at least one layer comprising at least one porous layer (2) which is 
either electrically conductive or coated at least on one of its surfaces to be 

5 electrically conductive, and at least one film (4), which is either charged or 
provided with at least one electrically conductive surface, at least one porous 
layer (2) and film (4) being arranged to come into contact with each other 
substantially only at support points (5), thereby providing an air gap between 
the porous layer (2) and the film (4), c h a r a c t e r i z e d in that the support 
10 points (5) are arranged in such a way that the acoustic element (1) can 
change its thickness substantially entirely. 

2. An acoustic element according to claim 1, characterized 
in that the element (1) comprises at least two porous elements (2), at least one 
film (4) being arranged between the layers in such a way that on both sides of 

1 5 the film (4), an air gap (6) is formed, the support points (5) on opposite sides of 
the film (4) being arranged at substantially different places. 

3. An acoustic element according to claim 1, characterized 
in that the element (1) comprises at least two porous layers (2), at least one 
film (4) being arranged between the layers in such a way that the film (4) is 

20 secured to a second porous layer (2) and between the second porous layer (2) 
and the film (4) is an air gap (6). 

4. An acoustic element according to claim 3, characterized 
in that the acoustic element (1) is a layered structure comprising at least two 
air gaps (6) arranged one on the other, the support points (5) in successive air 

25 gaps (6) being substantially at different places. 

5. An acoustic element according to any one of preceding claims, 
characterized in that the acoustic element (1) is coated with an elastic 
surface material (8). 

6. An acoustic element according to claim 5, characterized 
30 in that the acoustic element (1 ) is hermetically sealed. 



WO 99/56498 PCT/FI99/00337 

2/3 



< CD < CD < 0Q<CD 




WO 99/56498 



PCT/FI99/00337 




FIG. 3 



I 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/FI 99/00337 



A. CLASSIFICATION OF SUBJECT MATTER 



SS&L SVSLi^SS^JS^n OPC) or to ^ ^ -d IPC 



Minimum 



documentation ««ched (classification system followed by edification symbols) 



IPC6: H04R 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE.DK.FI.NO classes as above 



Electronic data base 



consulted during the international search (name of data base and. where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



AT 382490 B (AKG AKUSTISCHE U. KINO-GERATE 

GESELLSCHAFT M.B.H.), 25 February 1987 (25.02.87) 
page 5, line 16 - line 17; page 5, line 36; page 5, 
line 46, figures 3,4, claim 6 



US 4885783 A (WHITEHEAD ET AL), 5 December 1989 
(05.12.89), nodules 46 and 68 in fig. 3 and 6 



US 3654403 A (BOBB), 4 April 1972 (04.04.72), 

column 2, line 13; column 3, line 9, figure 4 



US 3740496 A (CARLSON ET AL), 19 June 1973 
(19.06.73), protrusions 44, fig. 6 



Relevant to claim No. 



1,2 



1.2 



j(] Further documents are listed in the continuation of Box C Q See patent family annex. 



Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

crlier document but published on or after the international filing date 
document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later than 
the priority date claimed 



T" later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X* document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

*Y* document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

"6V document member of the same patent family 



Date of the actual completion of the international search 
2j July 1999 



Date of mailing of the international search report 

0 9 -08- 1999 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 

c xi_ j. ac o AAA tit PA 



Authorized officer 

Leif Vingard 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/FI 99/00337 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 3787642 A (YOUNG, JR.)* 22 January 1974 

(22.01.74), dielectric spacers 38 and 39, fig. 3 



US 4887248 A (GRIEBELER), 12 December 1989 
(12.12.89), pedestals 200, fig. 8 



INTERNATIONAL SEARCH REPORT 




International application No. 1 


Information on patent family members 


01/07/99 


PCT/FI 


99/00337 


Patent document 


Publication 




Patent family 




Publication 


cited in search report 


date 




member(s) 




date 


AT 382490 B 


25/02/87 


Ut 


3542458 A 


05/06/86 


US 4885783 A 


05/12/89 


PA 

LA 


1277415 A 


04/12/90 


US 3654403 A 


04/04/72 


Ut 


2021656 A.B.C 


05/11/70 




Go 


1273476 


A 


10/05/72 






UP 


52024405 B 


01/07/77 








3895193 A 


15/07/75 


US 3740496 A 


19/06/73 


LA 


953410 


A 


20/08/74 

£mXr t WO/ / "T 




CH 


556628 


A 


2Q/11/74 






DE 


2254692 


A 


10/05/73 






DK 


140578 B,C 


01/10/79 






FR 


2159372 A,B 


22/06/73 






GB 


1398171 


A 


18/06/75 






JP 


871831 


C 


20/07/77 






JP 


48059824 


A 


22/08/73 






JP 


51048067 


B 


18/12/76 






NL 


166835 B,C 


15/04/81 






NL 


7214357 


A 


10/05/73 






SE 


378500 B,C 


01/09/75 


i US 3787642 A 


22/01/74 


CA 


970874 


A 


08/07/75 



US 4887248 A 12/12/89 NONE 



